Summary Canadian women over 50 years old were studied over a 10-year period to see if those who sustained a fracture (caused by minimal trauma) were receiving the recommended osteoporosis therapy. We found that approximately half of these women were not being treated, indicating a significant care gap in osteoporosis treatment. Introduction Prevalent fragility fracture strongly predicts future fracture. Previous studies have indicated that women with fragility fractures are not receiving the indicated treatment. We aimed to describe post fracture care in Canadian women using a large, population-based prospective cohort that began in 1995-1997. Methods We followed 5,566 women over 50 years of age from across Canada over a period of 10 years in the Canadian Multicentre Osteoporosis Study. Information on medication use and incident clinical fragility fractures was obtained during a yearly questionnaire or interview and fractures were confirmed by radiographic/medical reports. Results Over the 10-year study period, 42-56% of women with yearly incident clinical fragility fractures were not treated with an osteoporosis medication. During year 1 of the study, 22% of the women who had experienced a fragility fracture were on treatment with a bisphosphonate and 26% were on hormone therapy (HT). We were not able to differentiate HT use for menopause symptoms vs osteoporosis. Use of bisphosphonate therapy increased over time; odds ratio (OR) for use at year 10 compared to use at year 1 was 3.65 (95% confidence interval (CI) 1.83-7.26). In contrast, HT use declined, with an OR of 0.07 (95%CI 0.02-0.24) at year 10 compared to year 1 of the study. Conclusion In a large population-based cohort study, we found a therapeutic care gap in women with osteoporosis and fragility fractures. Although bisphosphonate therapy usage improved over time, a substantial gap remains.
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Introduction
Having one osteoporotic fracture is a powerful predictor of future fractures. A history of any fragility fracture confers close to a twofold increased risk of future fracture [1] . Depending on the number and site of previous fractures, the risk of future fracture may be increased as high as 12-fold [2] . This increased risk is recognized in Canada's clinical practice guidelines where prior fragility fracture is considered an indication for investigation and possible treatment of osteoporosis [3, 4] . Other guidelines also recommend testing and treatment of fragility fractures [5, 6] .
Low trauma vertebral and hip fractures most commonly occur in post-menopausal women and are associated with significant excess morbidity and mortality [7] [8] [9] [10] [11] . Mortality further increases with increased numbers of vertebral fractures, whether symptomatic or incidentally discovered on radiograph [8, 11] . Osteoporosis affects up to one in three women, and fragility fractures are common [9] . A recent study from Quebec demonstrated that 81% of fractures in women over 50 years of age were fragility fractures [12] . Anti-osteoporosis therapies have been proven to be effective in preventing new fractures in women with existing osteoporotic fractures [13] [14] [15] [16] [17] . Despite the fact that therapy can decrease the risk of subsequent fracture by up to 40-60%, Ontario data have shown that less then 25% of patients presenting to hospital with a fragility fracture are investigated and treated for osteoporosis [18] . Hence, a care gap exists between best clinical practice for the diagnosis and treatment of osteoporosis and actual practice.
An osteoporosis care gap has been documented previously in Canada, but most studies have followed patients either post fracture clinic or in acute care, and most have been conducted over relatively short periods of time [19] . This has similarly been demonstrated internationally [20] . In 2008, the Canadian Multicentre Osteoporosis Study (CaMos) published the first prospective, population-based study showing an osteoporosis care gap in men with fragility fractures [21] . Based on these past studies, we predict that there is an osteoporosis care gap in women with fragility fractures in Canada. We also hypothesize that this care gap is improving over time. To test these hypotheses and better define the presumed care gap, we examined data collected over 10 years in the population-based Canadian Multicentre Osteoporosis Study to prospectively study the trends in osteoporosis treatment in Canadian women over time.
Methods

Study participants
We examined a population sample from participants in the ongoing population-based, community-dwelling longitudinal cohort study, the Canadian Multicentre Osteoporosis Study (CaMos). We included all women over the age of 50 years at baseline. Participant's osteoporosis status was not known at the time of recruitment, as this was a population-based study to determine prevalence and incidence of osteoporosis. The cohort was followed for 10 years with baseline assessments taking place between 1995 and 1997.
The full methodological details of the CaMos study have been described previously [22] . Briefly, Canadians aged 25 years and older who live within a 50-km radius of one of nine study sites were randomly selected to participate in the Canadian Multicentre Osteoporosis Study. This prospective cohort study followed participants for 10 years at nine study centers across Canada (St. John's, Halifax, Quebec City, Toronto, Hamilton, Kingston, Saskatoon, Calgary, and Vancouver). The study population consists of 9,423 community-dwelling individuals (6,539 women and 2,884 men) representing and age-stratified-, sex-, and regionspecific samples. Recruitment occurred over an 18-month period from lists of random telephone numbers. Approval was received by the institutional review boards at each center and informed consent was obtained from each participant.
Data collection
An extensive interviewer-administered questionnaire (administered at years 3, 5, and 10), lateral lumbar and thoracic spine X-rays, and bone mineral density (BMD) testing were performed at baseline, and repeated after 5 and 10 years. BMD was also repeated at year 3, for women 40-60 years old at baseline. During other years, a two-page questionnaire was mailed to participants asking about hospitalizations and fractures within the past year and current use of prescription bone medications. All participants who experienced a fracture received a follow-up phone call to enquire about the circumstances surrounding the fracture including: date, fracture site, circumstances leading to fracture, and medical treatment. In addition, consent was obtained to allow contact with the treating physician or hospital and verification of the radiology report. Participants were told to bring the contents of their medicine cabinets with them to each in-person interview. All osteoporosis therapies, vitamin supplements, and other medications were documented in detail. The intervening year annual questionnaires displayed a list of bone-related medications and asked participants which they had taken during the previous year.
Bone mineral density BMD of the lumbar spine (L1-L4) and hip were measured by DXA using Hologic QDR 1000, 2000, 4500, or Lunar DPX densitometers. Machines were calibrated daily, and quality assurance was performed following a standard daily and weekly schedule. Cross-calibration of the machines at the nine centers using a European Spine Phantom was performed initially, and subsequently the Bone Fide phantom was performed at baseline and in the year of every examination. Reports indicating bone density (g/cm 2 ) and T-scores were sent to each participant, a physician named by the participant, or both depending on the center [23] .
Fractures
Clinically recognized non-traumatic fractures were included. Minimal trauma fractures were defined as any clinical fragility fracture including fractures of the hip, ribs, spine, forearm, pelvis, and other, but excluding fractures of fingers, toes, or face.
At baseline, previous fractures were obtained by selfreport only, but subsequent fractures that occurred after enrolment were reported by patients and confirmed by medical or radiographic reports.
Statistical analysis
The generalized estimating equations approach was performed to model differences in the use of osteoporosis medications over a 10-year period in individuals with osteoporotic fractures [24] . Osteoporosis medications were classified into three groups, bisphosphonates, hormone therapy (HT), and any bone-active therapy [including bisphosphonates, HT, selective estrogen receptor modulators (SERMS), or calcitonin] and analyzed separately. An auto-regressive correlation matrix was used for the analyses. All analyses were adjusted for age (years); combined BMD Tscore at the lumbar spine, femoral neck, or trochanter (normal: T-score>−1, osteopenia: T-score<−1 and >−2.5, osteoporosis: T-score≤−2.5); smoking status (current/not current); and early menopausal status (<45 years). Adjusted odds ratios (OR) and corresponding 95% confidence intervals (CI) are reported. All statistical analyses were performed using the SAS/STAT (version 9.1; SAS Institute, Cary, NC, USA) software package running on Windows XP Professional. The criterion for statistical significance was set at α 0.05.
Results
A total of 5,566 women with mean age 67 (±9) years at baseline were followed over the 10 years. Table 1 displays the baseline characteristics of the cohort. During each year of the study, a median of 2.4 (1.9-2.9) percent of this cohort sustained a new minimal trauma fracture.
Treatment of these women with incident minimal trauma fractures over time is displayed in Fig. 1 . During year 1 of the study, 22% of the women who had experienced a fragility fracture were on treatment with a bisphosphonate and 26% were on HT. The analysis did not differentiate the reason for HT use and, therefore, the proportion of this 26% that were using HT for menopausal symptoms, as opposed to bone protection, is unknown. Figure 1 shows the trend in treatment patterns over time, displaying decreasing HT use and increasing use of bisphosphonate therapy over the course of the 10-year study. Over the course of the 10-year study, up to 56% of women with incident fragility fractures per year were not treated with any osteoporosis therapy (Fig. 1) . Table 2 shows the OR for being on any osteoporosis treatment, bisphosphonate therapy, or HT during years 2-10 of the study compared to year 1 of the study, with results controlled for BMD, age, smoking, and early menopause status. Participants with incident fragility fractures were no more likely to be on treatment (of any type) for osteoporosis (Table 2 ). Figure 2 shows bisphosphonate treatment at years 1, 5, and 10 in women with different types of fragility fractures.
In general, there was an increasing use of bisphosphonate therapy in all fracture types over time. The exception was a decline in bisphosphonate use for hip fractures (n=4) during year 10 (33%). Apart from year 10, the general trend in hip fracture treatment was one of increased bisphosphonate use over time, with more than half of hip fracture patients receiving treatment in years-8 and 9. When the study population was examined by BMD (instead Fig. 3 , treatment with an osteoporosis therapy (calcitonin, SERM, HT, bisphosphonate), in those with BMD≤−2.5, tended to increase over time. Fifty one percent of women with T-scores≤−2.5 were on therapy at year 1; when HT use is excluded, 36% were on therapy at year 1. However, by year 10, 65% were on bonespecific medications.
Discussion
In this prospective, population-based study of communitydwelling women aged 50 years and over, we found a therapeutic care gap in osteoporosis treatment. Only approximately half of the women in our study who sustained a fragility fracture were treated with an approved osteoporosis medication. Similarly, one-half to two-thirds of women meeting the WHO criteria for osteoporosis (T-score≤−2.5) were on medical therapy. This care gap demonstrated an improvement over the 10-year study period. Our findings of a therapeutic care gap are in keeping with what has been reported previously in the literature. In Canada, treatment rates after fragility fracture have been reported in 5.2-38% of individuals [19] . Although this "care gap" has been previously reported, most studies have been performed retrospectively using large databases or chart review [20, 25, 26] . Such studies risk underestimating the number of patients on therapy, as databases may not record patients who use out-of-plan pharmacy services. Our prospective cohort study does not face this limitation. Another population-based cohort study from the province of Manitoba, Canada, conducted between 1997 and 2002 showed that, in 1997, only 4.9% of women with a fragility fracture went on to be treated with an osteoporosis medication during the 12 months following the fracture [27] . This study documented an improvement in treatment rates over time, with 17.6% of patients being treated in 2001. This improvement over time has been noted in other studies as well [28] . Our study also showed improved treatment rates, with respect to bisphosphonate use in women with fragility fractures, over the 10-year study period. Bisphosphonate use in these women increased from 22% in year 1 to 42% in year 10. The rate of osteoporosis treatment using any medication (HT, SERM, bisphosphonate, or calcitonin) also showed a trend towards increase, from 44% at year 1 to 46% at year 10. Our reported treatment rates, while not ideal, are far higher than previously reported rates in Canada [27] . This may be the result of increased participant and physician awareness that resulted from being involved in the CaMos study. Results of all BMD tests and X-rays were reported by the CaMos researchers directly to participants, to their physicians, or to both. This reporting introduces a bias towards increased awareness of osteoporosis within our study and may have led to higher treatment rates than found in the general population. Similarly, the Osteoporosis Canada guidelines for diagnosis and treatment of osteoporosis came out in 2002, and a concentrated effort was made to circulate the guidelines to physicians [3] . The year 2002 correlates with years 5-6 of our study and, therefore, introduction of these guidelines may help explain the sharp rise in bisphosphonate use seen at this time as demonstrated in Fig. 1 .
Alternatively, HT use fell from 26% in year 1 to 4% in year 10. The Women's Health Initiative combined hormone therapy arm (WHI) published in 2002 raised awareness to the risks associated with long-term HT use and resulted in HT no longer being considered a first-line therapy for osteoporosis [29] . The WHI was published during year 5-6 of our study and the steep trend towards decreased HT use after this time is evident in Fig. 1 . The trend towards no improvement in treatment (of any type) in participants with incident fragility fractures (as seen in Table 2 ) was likely influenced by this decline in HT use as well.
Despite these improvements in bisphosphonate use in women with fragility fractures, we still found that approximately half of fracturing participants were not receiving bisphosphonate therapy. Many studies have shown that a history of fracture is a significant risk factor for future fractures [1, 2, [30] [31] [32] [33] . Medical therapy for osteoporosis, in particular, therapy with bisphosphonates, has been proven to be effective at preventing future fractures. In the 2004 report by Roux et al., when postmenopausal women with clinical vertebral fractures were treated with risedronate (vs placebo), subsequent fracture risk was decreased within 6 months, with risk decreased by 69% after 1 year of therapy [34] . Morphometric vertebral fractures were also decreased by 71%. Similarly, risedronate has been shown to decrease nonvertebral fractures in women with and without previous vertebral fractures, within 6 months, with fracture risk decreased as low as 74% at 1 year [35] . Other bisphosphonates have also shown significant efficacy at decreasing fracture risk [13, 36] . Hence, there is strong evidence to support immediate treatment with bisphosphonate therapy in all patients with fragility fracture, regardless of life expectancy or other circumstances. Despite the strength of the evidence, previous reports have found that doctors are more likely to initiate treatment based on BMD results than on the history of a fragility fracture [12] . The evidence for treatment is less strong using BMD alone as a predictor of fracture [37] ; however, most guidelines do recommend treating postmenopausal women with a BMD T-score of ≤−2.5 [3, 38] . Despite this, we found only 51-69% of the women in our study with a BMD T-score of ≤−2.5 were receiving treatment with an osteoporosis medication.
Fracture type affects the likelihood of treatment. Previous reports have found that vertebral fractures are more likely to be treated than other types of fracture [20] . We also found this generally to be true in our study, although at year 5 (as seen in Fig. 2) , women with an incident hip fracture were more likely to receive treatment than women with clinical vertebral fractures. We found a decrease in treatment rates of hip fracture at year 10; this discrepancy was likely secondary to the low number of hip fractures (n=4) that occurred that year. All fractures in postmenopausal women require attention. Even if a clinician is uncertain as to whether a patient has had a "fragility" fracture or if the fracture was trauma-related, an osteoporosis work-up is still warranted as decreased BMD scores and increased risk of osteoporosis have been identified in women over 50 with "traumatic" fractures [39] .
Reasons for the existing care gap are not entirely clear. Previous reports have cited reasons such as the cost of therapies and cost of resources for diagnosis, concerns about medication side effects, and lack of knowledge about osteoporosis, BMD measurements, and osteoporosis treatments [25, 40] . Poor communication among health care providers about who is responsible for initiating and following therapy has been cited to be a significant issue. Although orthopedic surgeons are responsible for the acute care of fracture patients, they often consider preventative therapies such as osteoporosis treatment to be the realm of primary care providers [25] . In Canada, where universal healthcare is available, the cost of resources to diagnose osteoporosis should not be an issue. Similarly, oral bisphosphonate therapy is covered either by restricted or open access by most provincial drug benefit plans [41] . Therefore, the presence of the existing care gap in Canada, as demonstrated by our study, points to causes beyond financial ones as areas in need of attention to address this issue.
The current study has several limitations. It is likely that women (and the care providers for these women) involved in this 10-year osteoporosis study had increased awareness of osteoporosis and fragility fractures. Similarly, participation in CaMos was voluntary, and therefore, the study is subject to volunteer bias that may make the cohort healthier and more motivated than individuals in general society. Both of these issues, however, should lead to a more conservative estimate of a care gap and, if anything, an underestimate of the actual problem. Similarly, patient adherence with osteoporosis medications was not measured; therefore, patients with osteoporosis medications in their medicine cabinet (and therefore recorded during their CaMos interview) may not have been taking them or not taking them appropriately, leading to an overestimate of the number of women on therapy. The current study focuses on treatment using approved osteoporosis medications. It does not report the use of calcium and vitamin D supplements or lifestyle modification as a means to fracture prevention [42] . However, although calcium and vitamin D are important components in the treatment of osteoporosis, the superiority of combining adequate calcium plus vitamin D with an osteoporosis medication has been proven in multiple large randomized controlled trials [43, 44] .
In summary, we found an osteoporosis treatment care gap in Canadian women aged 50 and over who suffer a fragility fracture or who have a BMD T-score≤−2.5. Although our results show an improvement over the course of 10 years with more women with fragility fractures receiving treatment (particularly treatment with bisphosphonates), approximately half of these women are still not receiving treatment despite strong evidence to support its efficacy and guidelines recommending its use. This care gap therefore remains an important barrier to the effective treatment of osteoporosis and public health officials, patient societies, and health care providers need not be complacent, but continue to target educational and other interventions aimed at addressing this problem.
Ontario: Bob Josse (director), Sophie Jamal (co-director), Tim Murray
